WHAT'S KNOWN ON THIS SUBJECT: A small number of studies have found that the introduction of smoke-free legislation has been associated with a reduction in hospital admissions and emergency department visits for asthma.
WHAT THIS STUDY ADDS:
The implementation of smoke-free legislation in England was associated with an immediate 8.9% reduction in hospitalizations for asthma along with a decrease of 3.4% per year. abstract OBJECTIVE: To assess whether the implementation of English smokefree legislation in July 2007 was associated with a reduction in hospital admissions for childhood asthma.
METHODS:
Interrupted time series study using Hospital Episodes Statistics data from April 2002 to November 2010. Sample consisted of all children (aged #14 years) having an emergency hospital admission with a principle diagnosis of asthma.
RESULTS:
Before the implementation of the legislation, the admission rate for childhood asthma was increasing by 2.2% per year (adjusted rate ratio 1.02; 95% confidence interval [CI]: 1.02-1.03). After implementation of the legislation, there was a significant immediate change in the admission rate of 28.9% (adjusted rate ratio 0.91; 95% CI: 0.89-0.93) and change in time trend of 23.4% per year (adjusted rate ratio 0.97; 95% CI: 0.96-0.98). This change was equivalent to 6802 fewer hospital admissions in the first 3 years after implementation. There were similar reductions in asthma admission rates among children from different age, gender, and socioeconomic status groups and among those residing in urban and rural locations.
CONCLUSIONS: These findings confirm those from a small number of previous studies suggesting that the well-documented population health benefits of comprehensive smoke-free legislation appear to extend to reducing hospital admissions for childhood asthma. Pediatrics 2013;131:e495-e501 AUTHORS: Christopher Millett, PhD, a John Tayu Lee, PhD,
Comprehensive smoke-free legislation covering all enclosed public places and workplaces was implemented in England on July 1, 2007 . This legislation has resulted in substantial population health gain, including reductions in workplace exposure to secondhand smoke (SHS), 1 increased smoking quit rates, 2 and decreased hospital admissions for acute myocardial infarction. 3, 4 A small number of studies conducted in North America have found that making public places and workplaces smokefree reduces hospital admissions and emergency department visits for asthma. [5] [6] [7] A Scottish study also found that the introduction of comprehensive smoke-free legislation in March 2006 was associated with a reduction in hospital admissions for childhood asthma. 8 These findings are consistent with evidence that SHS exposure increases the incidence and severity of childhood asthma 9 and that smokefree legislation is associated with reductions in SHS exposure in the home. 10, 11 This study examines whether the implementation of smoke-free legislation in England on July 1, 2007, covering virtually all enclosed public places and workplaces, was associated with a change in hospital admissions for childhood asthma. Because some studies suggest that this legislation may be associated with lower reductions in SHS exposure in poorer households, 12 we also examine whether changes in asthma admissions differed by socioeconomic status (SES).
METHODS
We obtained an extract of all nonplanned (emergency) hospital admissions for childhood asthma between We divided children into preschool (0-4 years) and school age (5-14 years) groups to reflect their different levels of SHS exposure in the home and public places. (Younger children are mainly exposed to SHS in the home whereas school-age children are also exposed to SHS in public places. 14 ) Children were classified into neighborhood socioeconomic status quintiles, geographic location (urban/rural), and English region based on the MSOA in which they reside. Neighborhood socioeconomic status was assigned using the Index of Multiple Deprivation 2007, 15 based on the mid-2010 estimate. We used the Office for National Statistics classification for urban and rural (in which MSOAs with .10 000 residents were urban).
We used an interrupted time series negative binomial regression model to assess the impact of the smoke-free legislation. While taking into account the underlying time trend, this model estimates both the immediate change and change in time trend after policy implementation. We include a dummy variable coded as 0 for the period before and 1 after implementation of the legislation in July 2007 and a continuous variable set to 0 through July 2007, then equal to the number of years since the legislation took effect. The model also included time throughout the study period to capture any long-term secular trend, seasonal effect (dummy variable for each month), age (a categorical variable for age 0-4 and 5-14 years), gender, national quintile of sociodemographic status (with the least deprived area as reference group), geographic location (urban/rural), and English region (with London as the reference group). The model produces an admission rate ratio, which is the ratio of the actual admission rate in relation to the rate projected by the underlying trend. We tested for nonlinearity of the time trend, which produced a nonsignificant result, suggesting that a linear model gave an appropriate fit to the data.
We estimated the number of admissions prevented in the 3 years after implementation of the law by estimating the number of admissions if there were no legislation (the counterfactual) using the coefficients estimated in the model using all the data but setting the law dummy and time after the law variables to 0 for the whole time period, then adding the differences in number of admissions each month between the actual admissions and counterfactual estimate.
In addition, to examine whether there wasa differentialeffect ofthis legislation in different population groups, we conducted subgroup analyses stratified on age group, gender, quintile of neighborhood socioeconomicstatus,urbanor rural residence and English region using the same negative binomial regression analysis, with the stratification variable dropped. We separately ran our main model with interaction terms between smoke-free legislation and each predictor. We do not present the findings because they were substantially unchanged from our subgroupanalysis.We analyzed the data using Stata 11.
RESULTS
There were 217 381 hospital admissions for childhood asthma during the 8. Our findings are consistent with those from previous studies conducted in the United Kingdom and North America. The introduction of comprehensive smokefree legislation in Scotland in April 2006 was associated with an 18.2% reduction in the annual rate of childhood asthma admissions. 8 As in our study, the magnitude of the reduction did not differ by childhood characteristics, including age, gender, SES, or geographic location. A 22% reduction in asthma admissions (across all age groups) was identified in Arizona counties with no previous restrictions after the introduction of a comprehensive statewide smoking ban in public places in May 2007. 5 The extension of smoke-free legislation to cover restaurants was associated with a significant additional decline in hospital admissions for asthma in Toronto. 6 After taking the secular trends into account, emergency department visits for asthma declined by 22% in Lexington-Fayette County, Kentucky, after the introduction partial smoking ban in public places. 7 The decline in asthma admissions identified in this and previous studies are likely due to reductions in SHS exposure among children in their homes associated with the introduction of smoke-free legislation. We had no data on changes in SHS exposure or cotinine levels in our sample, but health survey data from England suggest that the introduction of smoke-free legislation was associated with accelerated reductions in cotinine-validated SHS exposure in children 17 and an increase in the proportion of smoke-free homes and cars. 18 These findings are consistent with data from the United States, Ireland, France, Germany, the Netherlands, and Scotland. 10, 11, 19 This suggests that our findings may be generalizable to these and other settings that have implemented comprehensive smokefree legislation covering virtually all enclosed public places and workplaces . The impact of smoke-free legislation on differences in household SHS exposure in children between affluent and deprived households remains unclear. A Scottish study found higher absolute reductions in cotinine levels in children from lower SES households after the legislation. 20 A similar study conducted in Wales found that associated reductions in SHS exposure were limited to children from higher SES households. 12 In the absence of a control group, we cannot confirm that the reduction in hospital admissions was solely due to the implementation of smoke-free legislation. Furthermore, our model assumes a linear secular trend in the prepolicy period (and a different linear trend after the law). This regression model cannot distinguish between the effect of the law and other external influences affecting asthma incidence and exacerbations. These may include the introduction of new therapies and other strategies to improve asthma management. However, as far as we are aware, there was no major policy in England implemented concurrently with this legislation that could explain the sudden and substantial reduction in the rate of hospital admissions seen. Although leukotriene antagonists were introduced during the study period, this is unlikely to influence our findings
FIGURE 2
Mean daily childhood asthma admissions during each month of the study period (actual vs counterfactual if there was no legislation).
substantially because prescribing rates increased gradually, and only a small percentage (,10%) of children in the United Kingdom with asthma were prescribed these medications when smoke-free legislation was introduced. 21 Our models adjust for seasonality (month) and thus implicitly account for changes in admissions due to seasonal changes in air pollution. SES was assigned to admissions on the basis of an area deprivation score as individual-level measures, such as parental educational attainment, are not available in the HES data set. We did not have data on asthma deaths occurring outside of hospital. However, this number is likely to be small because the Scottish study (which, unlike us, had access to mortality data) identified only 5 deaths over a 9-year study period. 8 HES are used extensively for epidemiologic and health services research. 22, 23 Although there are concerns about the accuracy of routinely collected data sets such as HES, they are continuously audited, and their quality and validity, including diagnostic coding, is high. 22, 24 Nonetheless, our findings may be subject to some bias due to changes in diagnostic coding over the study period, and we may have underestimated the effect of smoke-free legislation if coding of childhood asthma admissions improved over the study period. We are not aware of any major changes in how asthma is assessed and diagnosed over the study period.
Our findings confirm a small number of previous reports that the implementation of smoke-free legislation is associated with reductions in hospital admissions for childhood asthma. They add to an accumulating body of evidence of the substantial and equitable population health benefits gained by eliminating smoking from public places. The reductions in asthma admissions identified here are consistent with findings that smoke-free legislation may be associated with reductions SHS exposure in children due to an increase in voluntary smoke-free policies in the home or while traveling in a car. 10, 18 These results suggest that the legislation was associated with an important shift in social norms around exposing others to SHS in private as well as public places. Additional research is needed to better understand the relationship between the implementation of smoke-free legislation in public places and decreased SHS exposure in the home and other private places. Research should also seek to better characterize children who benefit most from the implementation of smoke-free legislation in terms of asthma severity, previous history of exacerbations, and SES and ethnic background. 
CONCLUSIONS
Our findings from a national study of a large population confirm those from a small number of previous studies suggesting that the well-documented population health benefits of comprehensive smoke-free legislation appear to extend to reducing hospital admissions for childhood asthma. 
